Summary: The lingual papillae and the connective tissue cores (CTC) of the American beaver were examined by light and scanning electron microscopy. The tongue of American beaver was about 9 cm in length, 3.5 cm in width, and has a lingual prominence. Four types of papillae (filiform, fungiform, vallate and foliate papillae) were observed. The filiform papillae can be classified into three types (filiform, large filiform and dorm-like papillae). Filiform papillae distributed on the anterior tongue and posterior of the lingual prominence consisted of a posterior thick main process and several small accessory processes. After removal of the epithelium, the CTCs of the filiform papillae had U-shaped, horseshoelike primary cores with 10-15 rod-shaped small accessory cores. Large filiform papillae were distributed at the anterior margin of the lingual prominence. Dome-like papillae were distributed at the top of lingual prominence. Fungiform papillae were observed two types. Fungiform papillae, which were distributed at the anterior tongue, were round shaped. Fungiform papillae of the posterior of the lingual prominence were large and surrounded with a papillary groove. At the posterior of the tongue, three vallate papillae were arranged in a triangular pattern. Foliate papillae were on 22 to 25 parallel ridges and grooves.
It is reported by many that the morphology of lingual papillae in the mammal's tongue varies with species. Such studies reveal variations in the morphology and distribution of papillae on the dorsal lingual surface among animal species. Moreover, after removed of the covering epithelium, it has been shown that the Connective tissue corns (CTCs) of each lingual papilla has the structure characteristic of that animal species. It has become possible to classify the morphological characteristics of the CTCs of lingual papilla according to the animal order (Kobayashi and Iwasaki, 1989; Kobayashi, 1992 ).
In the order Rodentia, there have been many studies of the tongue and lingual papillae of rats (Baratz and Farbman, 1975; Iino and Kobayashi, 1988 ; Liu and Lee, 1992; Iwasaki et al., 1997), mice (Kobayashi et al., 1989a; Liu and Lee, 1992) , hamsters (Kobayashi et al., 1983 ; Kitajima and Kobayashi, 1992), guinea pigs (Kawano, 1983; Iwasaki et al., 1989; Kobayashi, 1990) , flying squirrel (Emura et al., 1999a) , Microtus montebelli (Emura et al., 1999b) and nutris (Emura et al., 2001) .
However there had been no study of the lingual papillae of the American beaver. American beavers are semiaquatic animals and the largest rodents in North America. American beavers are herbivores eating bark and cambium such as willow, maple and poplar. They also eat water vegetation (Hodgdon, 1983; Nowak, 1991) .
The aim of the present study was to described in detail and compare with those of other mammals the morphological and histological characters of the lingual papillae of the American beaver. In addition the relation between tongue of the beaver and feeding habit as well as the native habitat were examined.
Materials and Methods
This study was performed on 3 tongues of adult American beavers (Castor Canadensis) (one male with a body weight of 11.2 kg and aged 9 years, two females with body weights of 14.3 and 13.7 kg and aged 8 and 7 years respectively) belonging to the order Rodentia. The tongues of an American beaver were presented by the Niigata City aquarium. The tongues were fixed with 10% formalin after autopsy. Then blocks were cut from various part of the tongue.
For light microscopy, specimens were dehydrated in a graded series of alcohol. Following dehydration, specimens were embedded with paraffin and sliced into 6 mm thick sections. The sections were stained with hematoxylin-eosin (HÁE), aldehyde fuchsin, and masson-trichrome and these slides were observed with a light microscopy.
For scanning electron microscopy (SEM), after fixation with 10% formalin, then specimens were refixed with karnovskys or 2.5% glutaraldehyde solution in PBS (pH 7.4) at 4 C. Then specimens were immersed in 3.5N-HCl for 1-2 weeks at room temperature. The epithelium was then carefully removed from the underlying connective tissue under a binocular microscope. Specimens were washed with distilled water, and then treated with a 0.5% tannic acid solution and then refixed with 1% OsO4 solution for 1 hr. Specimens were then washed and dehydrated with a graded series of ethanol and then a t-butyl alcohol freeze-drying method (Inoue and Osatake, 1988) . The specimens were then coated with Pt-Pd, and were observed with a scanning electron microscope (Hitachi S-800 at 15 kv).
Results
The tongue of American beaver was approximately 9 cm in length and 3.5 cm in width. It could be divided into three areas; the lingual apex, lingual body and lingual root. The lingual body has a lingual prominence at the intermolar region half way along the dorsum of the tongue.
Four type of papillae, filiform, fungiform, vallate and foliate were observed on the dorsal surface of the tongue. In the post area of the tongue, there were three vallate papillae, one centrally in the midline and two were laterally located. At the postero-lateral margin there were foliate papillae that were arranged in 22-25 parallel grooves (Fig. 1) .
Filiform papilla of the anterior tongue
For light microscopic observation, filiform papillae were divided into the anterior part of filiform papillae and the posterior part of filiform papillae. The anterior epithelium of the filiform papillae had numerous keratohyaline granules in the thick cornified layer. While posterior epithelium were without any keratohyaline and had a thin and cornified layer (Fig. 2) .
The external form of the filiform papillae consisted of main processes and several small accessory processes on the anterior tongue (Fig. 3A) . After removal of the epithelium, CTCs of the filiform papillae has a horse-shoe like primary core with 10-15 rod-shaped small secondary cores (Fig. 3B) . It looked like a raised human hand with a little opened palm towards the tongue tip.
Large filiform papillae and dorm-like papillae on the lingual prominence Lingual prominence at the intermediate part of the dorsal tongue was raised to form an elliptical prominence. Large filiform papillae were distributed along the front margin of the lingual prominence. They measured 700-800 mm in length and about 200-300 mm in width (Fig. 4A) . Removal of the epithelium, revealed CTC of the large filiform papillae and consisted of a main rod-like projection and 10 to 20 small rod-shaped projections round the central projection (Fig. 4B ). Dome-like papillae were distributed in the top part of the lingual prominence (Fig. 4A ). Central rod-like projections of the CTC of dome-like papillae were shorter than CTC of the large filiform papillae (Fig. 4C ).
Fungiform papillae
Fungiform papillae of American beaver were observed as two types; one in the anterior of the tongue and the other in the post-area of lingual prominence. Fungiform papillae of the anterior of the tongue were observed as round shaped and were in between the filiform papillae. Taste buds were found in the epithelium of the dorsal part in the fungiform papillae (Fig. 5) . Fungiform papillae had an approximate diameter size of 300-400 mm in (Fig. 6A ). The CTC of the fungiform papillae which were distributed at the anterior part of the tongue were observed in the form of fist-like structure. Some small round depressions for tasted buds were found on the top of the core (Fig. 6B) .
Large fungiform papillae which distributed at posterior area of the lingual prominence had a papillary groove, and the top was flat with a diameter size of approximately 500-600 mm. Taste buds were found in the epithelium of the dorsal flat area in the fungiform papillae (Figs. 7, 8A ). The CTC of the fungiform papillae at posterior of lingual prominence presented honeycomb-like structure. The CTC of the fungiform papillae of the posterior of lingual prominence has ten or more small round depression for taste bud was found on the top of the core (Fig. 8B) .
Vallate papillae
There were three vallate papillae (1.5 mm), one of which is located at the midline past area of the lingual prominence, the other two vallate papillae were located at lateral area of the tongue on both sides (Fig. 1) . Top of the vallate papillae was covered with heavy cornified layer and had some small prominences (Figs. 9, 10A ).
Vallate papillae were observed with an uneven boundary part with the epithelium layer and the connective tissue on the papillae top. Towards the inferior part of the lateral walls of the vallate papillae the epithelium becomes thin and it lacks a cornified layer around the deep part. Many taste buds are observed on the side of vallate papillae and the bottom 1/3 part of the groove in the epithelium. There were vonEbner glands in lamina propria mucosae in the surroundings of vallate papillae, and conduit opened in the bottom part of the circle-shaped groove (Fig. 9) .
After removing the covering epithelium of the vallate papillae, small secondary CTC appeared on the primary CTC (Fig. 10B) .
Foliate papillae
At the postero-lateral area, foliate papillae were arranged in 22-25 parallel grooves. In the epithelium of the lateral walls of the foliate papillae, many taste buds were located (Fig. 11) . After removal of the covering epithelium of the foliate papillae, small rod-shaped secondary CTC appeared on the large primary CTC (Fig. 12) .
Radix
The surface of the lingual radix was flat and mucous glands were distributed in the connective tissue layer. Ductus excretorius of the mucous glands opened at the surface of the lingual radix. After 
Discussion
The tongue of American beaver has a lingual prominence at intermolar region half way along the dorsum of the tongue. Four types of papillae (filiform, fungiform, vallate and foliate) were observed on the dorsal surface of the tongue.
Lingual prominence are generally developed in artiodactyls (Sata, 1960 Kobayashi et al., 2003) and they have in common being herbivores. The tongue of American beaver which has lingual prominence is similar to other rodents and most artiodactyls. As the American beaver is herbivore, it seems that the lingual prominence is a characteristic structure of the herbivore.
Many mammals have different types of filiform papillae that are distributed over restricted areas of the lingual dorsal surface. The present study of the American beaver indicated that the filiform papillae differ in morphology with the location on tongue and can be divided into 3 types.
One type of filiform papillae are located on anterior part of the tongue and posterior of lingual prominence. On the other hand, large filiform and dome-like papillae are located on the lingual prominence. A similar distribution of filiform and large filiform papillae was reported in rodents and artiodactyls.
In the American beaver, the external form of the filiform papillae consisted of main processes and several small accessory processes on the anterior tongue.
The filiform papillae of American beaver are different from other rodents, such as rat (Iino and Kobayashi, 1988) , mouse (Kobayashi et al., 1989a) and hamster (Kitajima and Kobayashi, 1992) , the external form of filiform papillae is similar to guinea The CTC of the filiform papillae of the American beaver has a horse shoe like primary core with 10-15 rod-shaped small secondary cores. It looked like a human hand with a little opened palm towards the tongue tip. The CTC of filiform papillae of rodents, such as rat (Iino and Kobayashi, 1988 The large filiform papillae on the lingual prominence were similar to those of other herbivorous animals that have lingual prominences. The filiform papillae at the top of the lingual prominence are dome type. It seems that dome type is formed through abrasion. Large filiform papillae on the lingual prominence are thought they have a preventative function by carrying away food to chew food on the lingual prominence fully (Kobayashi, 1992) .
The CTC of large filiform papillae of American beaver consist of a main rod-like projection and 10 A: Large filiform papillae were distributed along the front margin of the lingual prominence. Dome-like papillae were distributed in top part of the lingual prominence. Bar: 500 mm B: After removal of the epithelium, CTCs of a large filiform papillae distributed at the anterior edge of the lingual prominence.
Bar: 100 mm C: After removal of the epithelium, CTCs of the dome-like filiform papillae distributed at the top of the lingual prominence.
Bar: 100 mm to 20 small rod-shaped projections surrounding the central projection. The CTC of large filiform papillae are similar to those of the guinea pig (Kobayashi, 1990). The CTC of large filiform papillae on lingual prominence area differ from the CTC of other areas. They have a structure which has more complicated and uneven. Because lingual prominence of herbivore break up what has been eaten, such as grass and leafs, this area is adds to a very strong masticatary force. Horstmann (1952 Horstmann ( , 1954 reports, the complex structure of unevenness, further strengthening a combination of mucosal epithelium and lamina propria. The fungiform papillae of American beaver were observed as two types, in the anterior of the tongue and posterior of lingual prominence. The fungiform papillae of the anterior of the tongue were observed as round shaped and were in between the filiform papillae.
The CTC of the fungiform papillae which distributed at the anterior part of the tongue were observed in the form of fist-like structure. The CTC of the fungiform papillae is similar to those of the guinea pig (Kobayashi, 1990 ). The CTC of the fungiform papillae have some small round depressions for taste buds that were found on the top of the core. On the top the CTC of the fungiform papillae, one or a few small round depressions are found in rodents (Iino and Kobayashi, 1988; Kobayashi, 1989; Kitajima and Kobayashi, 1992 ) and insectivores (Kobayashi et al., 1989b; Miyata et al.,  1990) . The number of taste buds of the fungiform papillae of the American beaver was different in number to those of other rodents.
Large fungiform papillae which are distributed at posterior of lingual prominence were observed a papillary groove. The CTC of large fungiform papillae at the posterior of lingual prominence presented as a honeycomb-like structure. The CTC of large fungiform papillae of these papillae had ten or more small round depressions for taste buds that were found on the top of the core. This structure is absent in rodents, such as rat, mouse, hamster and guinea pig.
Large fungiform papillae are distributed at the posterior of the lingual prominence in some artiodactyls. But these fungiform papillae do not have a clear papillary groove The number of vallate papillae varies with the species. The American beaver showed a triangular arrangement of three vallate papillae. Rodentia are divided into three groups based upon their masseter musculature, that is the mouse-like rodent, squirrel-like rodent and cavy-like rodent (Thorington and Darrow, 1996). Mouse-like rodents (rat, mouse, hamster et al.) have one vallate papillae. Cavy-like rodents (guinea pig, nutria) have two vallate papillae. Squirrel-like rodents (flying squirrel) have three vallate papillae. The American beaver, which is a squirrel-like rodent, also has the triangular arrangement of three vallate papillae. More detailed research is necessary to clarify the relationship of the number of vallate papillae between groups of rodentia.
At posterior-lateral area of American beaver tongue, foliate papillae were arranged in 22-25 parallel grooves. After removal of the covering epithelium of the foliate papillae, small rod-shaped secondary CTC appeared on the large primary CTC. Foliate papillae of the rat (Iino and Kobayashi, 1988) , mouse (Kobayashi et al., 1989a) , guinea pig (Kobayashi, 1990) , and hamster (Kitajima and Kobayashi, 1992) had deep grooves and parallel ridges that were similar to those of the American beaver. After removal of the epithelium, the CTC of the foliate papillae appear as oval holes in accordance with several external slits arranged in parallel in the rat, mouse and hamster. The CTC of foliate papillae on the American beaver were different from those of rodents.
The development of the foliate papilla of the flesh-eating carnivorous animals (Cat: Kobayashi et al., 1988; Sea Lion: Yoshimura et al., 2002) are poor or sometimes absent. The development of the foliate papilla was suggested in relation to their feeding method. Because the carnivorous animal type is designed to swallow torn or whole meat, the time food is kept in the posterior area of the tongue is relatively short. Therefore foliate papillae at posterior-lateral area of tongue are not greatly required and that is why it is thought to be developed poorly.
On the other hand, because herbivores mash plant matter in the molars and perform rumination, the time the food lump is in contact with the posterior of tongue is extended, and the sense organ in the posterior of tongue becomes important.
As for the Artiodactyls ( which lack foliate papilla, in place there are plenty of vallate papilla on the posterior of lingual prominence. Rodents have wide feeding habits ranging from herbivorous to omnivorous, and it can think that foliate papillae developed together with their feeding habits.
The American beaver which are pure herbivores are thought to have the foliate papilla which developed as a complement of the fungiform papillae of the lingual prominence and the vallate papilla.
As for the tongue of the American beaver, the kind of lingual papillae are common to the rodents, however, there are many characteristics of the herbivore in the form of the tongue and lingual papillae. As a result acquired character of the American beaver, it is thought that the lingual papillae are similar to those of herbivorous artiodactyls. It is suspected that food and eating habits are involved in the form of tongue and lingual papillae. 
